In recent decades, summer floods in southern China and drought in northern China have been more frequent than before. China also experiences severe sandstorms, often attributed to unsustainable farming, uncontrolled grazing, and deforestation [1], which is why afforestation and reforestation efforts to mitigate wind erosion and water erosion are becoming particularly important for China [2] . The complex topography and geomorphology of the region comprising the upper and middle reaches of the Yangtze River lead to great spatial differences in hydrothermal conditions and to severe water Pol. J. Environ. Stud. Vol. 28, No. 2 (2019), 729-738 
erosion. Anthropogenic activity in the region has destroyed natural vegetation; such destruction, coupled with large areas that consist of steep slopes and are thus prone to severe soil erosion, requires sustained effort to reclaim the land. In the past, sustainable use of land and the environment had restricted the socio-economic development of the region, given its fragile ecology, frequent floods, and dangers posed by the flow of debris [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The Grain for Green Project (GGP), implemented in 1999, is one of the six major ecological projects in China and has protected and improved the ecology of the region, reduced the possibility of natural disasters such as landslides, and increased the vegetation cover. At the same time, the GGP has also transformed farming, making it more production intensive, and effectively improving the living standards of local farmers.
The most notable effect of the reforestation project is the increase in vegetation cover [11] , apparent from the normalized difference vegetation index (NDVI) computed from a large-scale study. The index accurately reflects the photosynthetic intensity of vegetation, metabolic vigour, the degree of greenness and its seasonal and interannual variability, plant growth, biomass, vegetation cover, and other important indicators [12] . The index has been researched in depth and used in studying vegetation cover and changes in it. Vegetation restoration analysis results over different spatial and temporal scales [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] shows that the NDVI varies markedly with season and with location. Wang et al. [14] , who studied the effects of climate change and human activity on vegetation cover in hilly areas of southern China, concluded that spatial and temporal variations in vegetation are the result of climate change and human activity, but also confirmed that projects that reconvert farmlands into forests and other projects that aim at ecological restoration significantly improve vegetation cover. Peng et al. [15] used the NDVI to show that the spread of vegetation cover in most areas across China increased significantly between 1982 and 2010. During that period, the NDVI increased significantly during the growth season (April-October), by 0.0007 per year, but the increase was slower during 2000-2010 than during 1982-1999. Piao [16] examined the interannual variation in China's NDVI from 1982 to 1999 and its relationship with climate variables (temperature and precipitation) and human activity, and found that monthly and seasonal NDVI had increased significantly during the study period. Yagoub [17] used MODIS (moderate-resolution imaging spectroradiometer) data to explore the climatic factors that influenced changes in land cover in Sudan from 2001 to 2013 and found that the NDVI was high in the south and the highest in the fall, followed by that in summer and winter [18] . Hao's [19] study of Beijing's ecological transformation and its relevance using Thematic Mapper (TM) and Operational Land Imager (OLI) images showed that vegetation in Beijing had both recovered and degraded: the recovery amounted to 6.33% in [2000] [2001] [2002] [2003] [2004] [2005] 10 .08% in 2005-2010, and 6.33% in 2010-2015, the corresponding degradations being 13.62%, 9.35%, and 13.62%. The area in which the GGP had been undertaken was used as the study area, and the growth of vegetation was estimated from 2000 to 2010. Zhang et al. [25] used the NDVI based on data from satellites working at two different times of Global Inventory Modeling and Mapping Studies (GIMMS), and SPOT VGT (SPOT Vegetation or Satellite Pourl' Observation de la Terre Vegetation), which is French for satellite observation of the earth's vegetation) as the index of vegetation cover in nearly 30 years of the Loess Plateau.
The researchers confirmed that the average annual NDVI for areas in which the average slope was greater than 15° was significantly and positively correlated to time, and that the vegetation cover had increased over time. With the development of 3S technology -which comprises Global Positioning System (GPS), remote sensing (RS), and geographic information system (GIS) -changes in land use or land cover captured through highresolution satellite imagery are being increasingly used for monitoring dynamic changes in the environment. Both RS and GIS have proved particularly useful in evaluating the effects of reconverting farmlands into forests. In the past, research on the effects of the GGP was confined mostly to the yellow soil plateau and the Yellow River basin and was based on RS. The research showed that vegetation cover had improved and soil erosion effectively curbed [26] [27] [28] [29] [30] [31] . Wang et al. reported that returning farmland to forest can strengthen the function of soil and water conservation in the region and thus can have the same effect as that of ecological restoration. Research by Peng et al. [32] showed that change in land use changes the nature and extent of vegetation cover, and Ibrahim [33] showed that increases in forest land and farmland can reduce the soil moisture index and is positively related to soil degradation. Thus, NDVI, land use type, soil erosion, and vegetation cover are appropriate indices for testing GGP. The basin of the Yangtze River was a key management area for controlling soil erosion and water erosion and a focus area of the GGP; however, hardly any research has been conducted on the contribution of the GGP to the protection and restoration of habitat on catchment scale in this region.
It is against this background that the NDVIsupplemented with data on land-use type and slope for the same equivalent period -was selected for monitoring the efforts to restore vegetation in the middle and upper reaches of the Yangtze. More specifically, the objectives were to (1) study the spatial and temporal changes in vegetation cover in the study area and (2) to analyse and evaluate the effects of the GGP in the study area. Effective Monitoring and Evaluation...
Material and Methods

The Study Area
The provinces in the middle and upper reaches of the Yangtze in which the GGP is being implemented are Qinghai, Sichuan, Chongqing, Hubei, Hu'nan, Jiangxi, Yunnan, and Guizhou (Fig. 1) , and consist of 84 prefectures and 763 counties. Since 1999, when the GGP was implemented on a pilot scale, the project has spread to 10.20 million hm². The efforts to recover vegetation that are part of the GGP include afforestation of cropland and wasteland and encouraging afforestation of other areas. The forest types include ecological forests, commercial forests, and shrub forests [34] . In the middle and upper reaches of the Yangtze, the GGP gave priority mainly to the afforestation of cropland and wasteland, recovery of existing vegetation types, and setting up ecological forests (Fig. 2) . Afforestation not only helped in soil conservation, water conservation, and the control of soil erosion, but also contributed to maintaining and improving the ecology of the upper reaches of the Yangtze basin.
Research Methods
Data Source
Land use, NDVI, and digital elevation model (DEM) data were provided by the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (RESDC) (resdc.cn). The DEM data were the radar terrain mapping SRTM 90 m data from the U.S. space shuttle, and NDVI data (for 4 years, namely 2000, 2005, 2010, and 2015) were selected to maximize the NDVI based on the synthesis of SPOT VGT 1 km per 10 d. The data set on vegetation index (1 km) in China since 1998 was compiled by taking the composite maximum value, of which the spatial resolution was 1 km and the temporal resolution was 1 year. The main source for the data on land-use status was Landsat TM/ETM remote sensing images, and land uses were categorized using the Land-Use and Land-Cover Change (LUCC) system and visual interpretation. The data on Chinese administrative divisions came from the State Bureau of Survey and Mapping (SBSM), and the diagram showing the scope of the GGP was supplied by the State Forestry Bureau [34] .
Calculating Vegetation Cover
Vegetation cover refers to the ratio of the vertical projection area of a vegetation canopy to the total area of soil:
…where f represents vegetation cover; NDVI is the pixel vegetation index; and NDVI max and NDVI min are the vegetation indexes of pure vegetation and pure soil, respectively, and adopt the largest and the smallest approximation of NDVI in the monitoring area. Using Equation (1) 
Determining Sloping Lands
The data on DEM were re-projected and then selected so that they corresponded to the research area, and slope diagrams were generated using the spatial analyst tool of ArcGIS. The slopes were then reclassified, based The raster data on cultivated land extracted from the land use data were superimposed on the gradient data to obtain information on farmland with different degrees of slope.
Classifying Soil Erosion
The middle and upper reaches of the Yangtze are dominated by water erosion, and the degrees of soil erosion in the study region in 2000, 2005, 2010, and 2015 were mapped (Table 1 ) using the Chinese national standards for the classification of soil erosion (SL190-2007). The data on vegetation cover were reclassified based on the extent of non-arable forest cover, as shown in Table 1 , which was divided into the following categories: less than 30%, 30-45%, 45-60%, 60-75%, and greater than 75%. We then extracted the raster data on woodlands and grasslands and overlaid those data with the data of vegetation cover after the reclassification.
Results and Discussion
Annual Variation in NDVI (Fig. 1) . Vegetation cover in the eastern part of the study area was greater, and its increase more obvious. The share of lands with vegetation cover greater than 70% was the largest during 2000-2005 (Table 2 ). This observation is consistent with the annual average NDVI. The share of lands with vegetation cover between 10% and 50% decreased every year, whereas that of the lands with vegetation cover more than 50% increased. Removal of vegetation by people and through natural disasters was responsible for the vegetation cover being less than 10%, although the area thus affected was limited. From 2010 to 2015, the extent of area with vegetation cover below 10% increased significantly, a pattern different from that seen in the earlier blocks, mainly because of adverse climate and excessive deforestation.
Changes in Land Use
In 2000, cultivated land in the middle and upper reaches of the Yangtze occupied 7945.41 hm²; by 2015, the area was down to 7782.83 hm² (Table 3) the area under low-quality and low-benefit woodlands with canopy density lower than 0.4 increased: most of the quality woodlands were either destroyed or exploited. Secondly, in recent years, and especially in inland areas, the demand for land has increased because of rapid industrialization and urbanization; the state has increased the protection for cultivated land; many land-use projects have been transferred to forest land; and deforestation, encroachment of woodland, and illegal occupation of forest land are becoming more and more serious. 
Changes in Vegetation Cover
The area over which vegetation cover was low decreased substantially compared to that at the early stage of the GGP, whereas the area over which vegetation cover was dense increased markedly (Fig. 4) . The area over which the vegetation cover was below 10% decreased by 95.27% and that over which the vegetation cover was above 70% increased by 21.92%. The area over which the vegetation cover was between 10% and 30% increased slightly during 2000-2005 and continued to increase gradually over time. The area over which the vegetation cover was between 30% and 50% decreased gradually during 2000-2010, but in 2015 it was greater than that in 2000 by 943,500 hm². The proportion of area with vegetation cover between 50% and 70% decreased over time, most markedly during 2000-2005, and that with vegetation cover between 50% and 70% decreased by 5%. Most of the study area falls in the subtropical monsoon zone, where both precipitation and temperature are suitable and trees are easy to grow and their growth is rapid. Therefore, the vegetation cover in the study area increased significantly and in a short time, although the increase was not uniform over the entire area, because of such factors as climate, planting, requisition of land for forest, and soils.
Changes in Intensity of Soil Erosion
Compared to the early period of the GGP, soil erosion has been generally brought under control, except in areas where soil erosion was intense (Table 5) . Between 2000 and 2015, the area over which soil erosion was mild decreased by 31.92%; that over which it was strong, by 10.88%; and that where it was pole strength, by 19.44%. The area that was subject to moderate soil erosion decreased the most, by 9.31%, during 2000-2005 and then decreased slightly during 2005-2010 -only to increase again during 2010-2015, although overall it was 3,512,500 hm² less than that in 2000. Thus the GGP had checked soil erosion significantly in the middle and upper reaches of the Yangtze, especially on slopes. Over time, as the trees, shrubs, and grasses grow taller, soil erosion in the study area will be controlled even more efficiently. The area under severe soil erosion increased by 600 hm² during 2000-2010 but decreased thereafter such that by 2015, its extent was close to that in 2000. This area needs Table 5 . Changes (104 hm²) in each grade of soil erosion in the upper and middle reaches of the Yangtze River. greater attention, and the government should strengthen the measures to control soil erosion in the Three Gorges Reservoir area and introduce scientifically and effectively formulated strategies to check the severe soil erosion and to promote ecological recovery of the area.
Correlation Analysis on GGP Erosion was significantly reduced during 2000-2005 and was very significantly and positively correlated to the extent of farmland that was returned to woodland, and the correlation was higher than that for any other factors (Fig. 5) . Returning farmland to forest was the major change that decreased the area of farmland that consisted of slopes. Peng et al. [35] found that the pattern of vegetation dynamics was markedly affected by topography, especially altitude, and the increase in altitude was closely correlated to the growth of vegetation. The study area lay mainly in the second step (2005) (2006) (2007) (2008) (2009) (2010) and in the transition zones between the first (2000) (2001) (2002) (2003) (2004) (2005) and the second step and between the second and the third steps (2010) (2011) (2012) (2013) (2014) (2015) , and returning farmland to forest was confined mainly to cultivated land on steep slopes -which is why the project was successful in increasing the vegetation cover. At the same time, hydrothermal conditions in Yangtze shelter forests were particularly suitable for returning the farmlands to woodlands using such indigenous and fast-growing tree species as Chinese fir and masson pine, which have high survival rates and grow rapidly and are therefore effective in checking the loss of soil and water. However, planting saplings did not increase the NDVI and vegetation cover significantly during this period. The other factors were not significantly correlated to the numbers of patches of farmland returned to woodland. The negative correlation between the extent of reduction in erosion and the number of patches of farmland returned to woodland is seen during 2010-2015, but the correlation is the weakest. During 2010-2015, which marks the end of the first round of GGP, the subsidy offered for improving the ecology of farmlands failed to meet the needs of the farmer, who began raising crops. This affected the good ecological environment in the existing forests and destroyed parts of natural forests. In addition, the cancellation of agricultural tax, reforms in the collective rights and the land transfer system, the changed ecology owing to settlements, and the 'One Belt and One Road' also brought in changes to land use. Li et al. [36] 
Conclusions
1) The Yangtze River shelter forest region in recent years benefitted a great deal from GGP, with marked improvement in the region's ecological environment. Cultivated lands were converted into woodlands and grasslands, forest cover increased significantly, and large parts of cultivated lands on steep slopes were returned to woodland. The extent of low vegetation cover was greatly reduced whereas that of denser cover increased significantly. The intensity of soil erosion decreased overall, and the area suffering from mild, strong, and pole-strength grades of soil erosion also decreased markedly -the benefits of GGP being obvious in terms of soil and water conservation.
2) The experience of restoring vegetation in the middle and upper reaches of the Yangtze in recent years indicates that self-repair of vegetation is an important way to improve ecology and the environment. At present, forests cover 60% of the middle and upper reaches of the Yangtze, the cover being greater to the east of the river and low to its west. The extent of vegetation cover varies over time because of replanting, deforestation, and land acquisition. The next phase of the GGP should emphasize more vigorous implementation of the project in the upper reaches of the Yangtze; facilitate afforestation in the middle reaches to maintain the existing cover and to promote the transformation of created forests to nearnatural forests; and encourage a mix of vegetation comprising trees, shrubs, and grasses. 3) To confirm the GGP results, this study needs to be supplemented with field studies to establish the ground truth more accurately and to identify and calculate the area and spatial distribution of farmland converted to forests. The shortcomings of this study are as follows: -The causes of changes following the implementation of the Grain to Green Project could have been analyzed and understood more clearly if we had used higherresolution remote sensing images and supplemented that approach with studies on the ground. -The administrative regions were not defined with adequate precision. -On a large scale, it is impossible to distinguish clearly between the effects of the Grain to Green Project and those of other ecological engineering measures, and the present research did not take into account the effects of government policy and those of the behavior of individual farmers. It is advisable to divide the area under the Grain to Green Project into distinct ecological zones before undertaking more research on the topic.
